Obstructive sleep apnea syndrome (OSAS) is a phenomenon of repeated, episodic reduction, or cessation of airflow (hypopnea/apnea) as a result of upper airways obstruction. First-line treatment in younger children is adenotonsillectomy, although other available treatment options in middle-aged adults include continuous positive airways pressure (CPAP) and airway adjuncts. Oral appliances (OA) are a viable treatment alternative in patients with OSAS.
Introduction
Obstructive sleep apnea syndrome (OSAS) is the most common respiratory disorder of sleep, characterized by repetitive episodes of partial or complete upper airway collapse or narrowing during sleep, followed by phasic oxygen desaturation. 1, 2 The apnea or hypopnea must last longer than 10 s, with a frequency above five per hour and often occurs in patients with chronic snoring. 3 The decrease in partial pressure of oxygen and the hypercapnia are associated with an increased risk of cardiovascular and cerebral disease, stroke, hypertension, diabetes, and hypothyroidism. 3, 4 Sleep fragmentation, induces a series of disturbances in the waking state, such as morning headaches, daytime sleepiness, anxiety, irritability, depression, fatigue, retrograde amnesia, personality change, as well as reduced performance in cognitive function, impaired concentration and reduced efficiency at work, relationship problems of couples, increasing the risk of road and home injuries with impaired quality of life. [1] [2] [3] [4] [5] This clinical condition is now a major social health problem, whereas the percentage of undiagnosed OSAS remains very high with progression to dangerous complications. 5 There are three degrees of sleep apnea in relation to the Apnea Hypopnea Index (AHI) -number of apneas and hypopneas per hour of sleep registration: Mild (with AHI below 15 events per h); Moderate (with AHI in the range of 15-30 events per h); and Severe (with AHI greater than 30 events per h). 6 From a neurological point of view, we recognize three types of apnea: central; peripheral (or obstructive); and mixed. 6 Treatment of sleep-disordered breathing can be divided into four general categories. These include: weight loss; 7 lifestyle modification (alcohol, smoke); surgical treatment; 8-10 ventilatory treatment with continuous positive airway pressure (CPAP); 11, 12 and oral appliances (OA). [13] [14] [15] [16] [17] The American Sleep Disorders Association recommends the use of oral devices in patients with mild to moderate OSAS and simple snoring or, alternatively, in patients with moderate to severe OSAS, who cannot tolerate or refuse CPAP. 16, 17 OA are dental devices that improve OSA by maintaining the patency of the posterior pharynx.
These devices are typically fit by a qualified dentist and maintain pharyngeal patency by advancing the mandible forward (mandibular repositioning appliances) or maintaining the tongue in an anterior position (tongue-retaining devices) or both.
OA, such as mandibular repositioning devices (MRD), have been found to be less effective at improving oxygen saturation and reducing AHI when compared to continuous positive airway pressure (CPAP) therapy. 18, 19 OA are typically indicated for patients with mild to moderate OSA and for patients with severe OSA who are intolerant or choose not to use CPAP therapy More recent data demonstrate that a trial of this approach to therapy may also be reasonable for patients with more severe disease (AHI >30 events per h) and for those with a higher body mass index (BMI). 20, 21 The purpose of this study was to evaluate the effectiveness in the short and long term of a new orthodontic device for the treatment of patients with mild to moderate OSAS and in patients who, for various reasons, did not want or could not use CPAP.
Materials and methods

Instrumental evaluation of OSAS and inclusion criteria
We considered all patients, aged younger than 65 years, enrolled in our research unit for the study of dental sleep disorders, at Centri Odontoiatrici Specialistici in Bari, Italy, from January 2013 to January 2014 who had been diagnosed with OSAS.
The dentists at the Center deliver custom-made OA for patients who have tried CPAP for at least 3 months and who show poor compliance, defined as average use of <5 h per night.
Exclusion criteria were: patients aged older than 65 years; bruxism; dental prosthesis; temporomandibular joint disorders; and inadequate tooth support to retain the OA.
This work was conducted according to the recommendations of the Declaration of Helsinki, and informed consent was procured from all the patients before starting the treatment.
Among all 21 potential patients, those suitable for the study were eight: three women and five men; average BMI, 28; age range, 55-63 years (average age, 58 years).
This sample was again subjected to polysomnographic examination with a validated device, MicroMESAM ®22 (MAP, München), to confirm the diagnosis of OSAS and to assess the AHI. MicroMESAM ® generated flow-time curves correspond well with pneumotachograph generated curves, producing automated AHIs that are highly sensitive in detecting sleep-disordered breathing. The sensitivity and specificity of AHI are 100% and 87.5%, respectively. 22 All patients underwent a systematic dental examination by a dentist, which put an indication to the use of OA, based also on the craniofacial features assessment. The Epworth Sleepiness Scale (ESS) was used to evaluate daytime sleepiness. 14, 16 Our study aimed to apply a medical device Thornton Adjustable Positioner (TAP ® ) type-1. 19, 20 The bite was taken with a mandibular advancement of 2-3 mm and vertical rise of 4-5 mm. The OA was supposed to be fitted only during the night.
Demarcation of the cephalometric points and collection of the assessed measurements
Each patient was subjected to a pre-and post-treatment lateral cephalometric radiographs, taken with the teeth in occlusion and following a standardized procedure, which showed short or normal jaw and pharyngeal air space (PAS) less than 8 mm.
The cephalometric examination was carried out with a standardization of the magnification factor, and each cephalogram was double hand-traced by two different investigators who were unaware of the clinical results.
All eight radiographs were scanned by a single operator, a radiology technician, using the Epson Expression 1680 scanner. They were scanned with a 150 dpi resolution and processed in the OrisCEPH-RX3 ® for Windows (Elite Computer Italia). Using the same program, the cephalometric points were located in the eight images, using the mouse, by the same operator, generating in this way the cephalometric and radiographic analysis.
Furthermore, the last investigator compared all the cephalometric and radiographic data (handtraced and software assisted), to verify possible errors.
The following angles were measured: SNA (angle between the sella, nasion, and subspinale point A), SNB (angle between the sella, nasion, and supramental point B), ANB (angle between the maxilla and the mandible), PNS (posterior nasal spine), Ba (Basion), PAS (the narrowest distance between the base of the tongue and the posterior pharyngeal wall -a measurement used to detect pharyngeal obstruction), MP-H (distance from the mandibular plane to the most anterior point of the hyoid bone), Co-A (the amount of maxillary advancement), and Co-Pog (the amount of mandibular advancement), facial height, S (Sella) -Go (Gonion) -Na (Nasion) -Gn (Gnathion) -Me (Menton), soft palate length, base tongue position compared to back pharyngeal wall, sagittal and vertical position of hyoid bone, measured with the distance hyoid bone-jaw plane.
Moreover were measured the following angles: Ba-SNA angle (used to describe skull base, measured on Na-S-Ba angle), and BaS-PNS angle (describes horizontal position of hard and soft palate, that often causes air way obstruction, measured from Ba-S-SNP angle).
For the airway space percentage we measured the following variables: distance from PNS and the closer point to adenoids on Ba-PNS line (AD1-PNS); distance from PNS and the closer point to adenoids on the line passer by PNS and perpendicular to the straight line; passer-by S and Ba (AD2-PNS); distance from the closer point to adenoids and a point 5 mm over the cross on the vertical to the pterygopalatine fossa (PTV:AD); thickness of adenoids on the line from pterygo-maxilla point to the middle S -Ba (T 1 ); and thickness of adenoids on the line from pterygo-maxilla point to Ba (T 2 ).
The analysis used to evaluate the nasopharyngeal airway space was described by Schulhof. 23 This analysis combines four cephalometric measurements used in the analysis of the nasopharyngeal region forming a system of four factors for assessing the nasopharyngeal airspace.
The first factor described by Handelman and Osborne, 24 corresponds to the percentage of airway occupied by adenoid tissue in the nasopharynx area.
The second factor was described by Linder-Aronson and Henrikson 25 and it is represented by the distance from the point AD1 to the posterior nasal spine (D-AD1:PNS).
The third factor, also described by Linder-Aronson and Henrikson, 25 represents the linear distance from the point AD2 to the posterior nasal spine (D-AD2:PNS).
The fourth factor described by Schulhof 23 is represented by the linear distance from point AD to a point of pterygoid vertical line 5 mm above the posterior nasal spine (D-PTV:AD).
For all the values were calculated the mean and standard deviation.
Laboratory procedures
Maxillary and mandibular impressions of each participant were made with irreversible hydrocolloid (Jeltrate Plus; Dentsply), and poured in Type III dental stone (Microstone; WhipMix). Interocclusal records were made with poly(vinyl siloxane) (PVS) impression material (Regisil PB; Dentsply) at 60% of maximum protrusion using a George Gauge TM .
Stone casts and interocclusal records were sent to ORTOVIT S.R.L. (Gorle, Italy) for fabrication of No. 8 TAP oral appliances.
Clinical procedures
During the delivery appointment, the treatment appliances were fitted and the participants received usage and homecare instructions. The appliances were initially set at the protrusive position corresponding to that of the interocclusal record.
Participants were instructed to wear the OA for 7 nights and to increase the amount of mandibular protrusion by adjusting the screw 0.25 mm per night as far as comfort permitted.
A treatment journal consisting in questionnaire on the 'state of health SF36', quality of life, and daytime sleepiness (ESS) during treatment to assess patient compliance, 14, 16 before and after treatment, considering the side effects, associated with the use of this device, was given to each participant to record the time of insertion and the time of removal of the OA, as well as any side effects experienced.
After having worn the test appliance for 7 nights, and in case of compliance, for 6 months, the participants returned the treatment appliance and the treatment journal.
Results
Treatment was considered successful when the AHI was <5 or showed a substantial reduction, defined as a reduction in the index of at least 50% from the baseline value, to a value <20 in a patient without subjective OSAS symptoms, while undergoing therapy (no excessive daytime sleepiness or fewer than two subjective OSAS symptoms).
Compliant patients
From the evaluation of the SF36 questionnaire, five cooperative patients (Table 1) showed good adaptability to the treatment and good compliance; one patient, corresponding to No. 1, showed good compliance after 6 months of treatment, reporting however an inconvenience of use, excess of saliva, pain at the temporomandibular joint, and embarrassment.
AHI
Patients 1-4 showed reduction in the AHI in the polysomnographic exam. In patient 5 support with CPAP was recommend.
Daytime sleepiness
The assessment of the ESS, in both the short and long term, shows a reduction of daytime sleepiness in patients 1-4. The assessment of the Epworth scale of the data related to daytime sleepiness is the same.
Not compliant patients
Three of the eight selected patients were not compliant to treatment, however, although not present in controls after 6 months, it was possible to study their short-term assessment (at 7 days), that showed the results reported in Table 2 on AHI and ESS.
Moreover, as reported in Table 3 , the values of cephalometric analysis has revealed substantial changes in the retropharyngeal air space. The Ba-S-PNS angle, the cephalometric parameter that can evaluate the horizontal position of the hard and soft palate, which is often the main cause in airway obstruction, increased in all patients by an average of 11.1% (± 10.32). The increase of this value, probably, can be attributed to the decreased volume and tropism of soft palate, which follows the reduction of episodes of apnea and of snoring.
Airway percentage also grew by an average of 10.3% (± 6.43), indicating an increase in the percentage of the nasopharynx free from adenoids. This result is supported and corroborated by changes in a positive sense, D-AD1-PNS, D-AD2-PNS, and D-PTV-AD, which were 15.4% (± 7.44), 9.5% (± 3.31), and 25.4% (± 2.19), respectively.
Discussion
OA therapy is indicated primarily for patients with mild to moderate OSAS, and recent data demonstrate efficacy in some patients with more severe disease. 14 The role of OA therapy will expand as newer technologies improve the ability to predict success with treatment prior to initiating therapy as well as monitor compliance with ongoing treatment.
We currently assume that the working mechanism of an OA is based on advancement of the mandible and its attached soft tissue structures and musculature, especially the genioglossus muscle, resulting in an increased tone with increased anteroposterior and lateral dimensions of the upper airway. 21, [23] [24] [25] [26] Bearing the abovementioned considerations in mind, this deterioration in treatment success is possibly due to loosening and adaptation of soft tissue structures and musculature of the upper airway as a result of long-term overnight mandibular advancement. 27 It could be hypothesized that patients with more severe OSAS need to protrude the mandible more extensively to gain the desired effect, in addition to a possible overstretching that negatively affects the morphology of the upper airway soft tissue structures and tonus of the musculature. Furthermore, it has been described that the muscle tone of the genioglossus is negatively correlated with age. 21 In our study we used the Thornton Adjustable Positioner type-1, which is a two-piece adjustable appliance. As supported from our data, at short and long term, we can say that the TAP ® has a dual effect, because it prevents the pharyngeal lumen reduction, due to the fall back of the tongue owing to the gravity and muscular hypotonia and, thanks to the advancing of genioglossus muscle, causes a stiffening in the longitudinal pharyngeal wall, in order to avoid the collapse in lateral direction, reducing AHI index.
In one study the objective and subjective efficacy of the Thornton Adjustable Positioner type-1 was compared with a modified Herbst appliance (IST ® ) in a 2-year follow-up. 28 Although the Thornton Adjustable Positioner type-1 was more effective in lowering the AHI, both appliances seemed to be effective therapeutic devices for OSAS which is consistent with our findings. Therefore it should be interpreted, according to the data in the literature, 19, 21 as a favorable factor, since it can represent the regression of the OSAS disease to a pre-clinical stage.
Reported side effects were considered minor and temporary by the participants, and did not prevent use of the appliance. We relied upon feedback from our patients for the data on adequate appliance usage.
As no gold standard currently exists for objectively recording compliance, this method represented the most practical means of evaluating the device. Patients received a thorough explanation of the purpose of the study, and were instructed to subjectively record OA usage as accurately as possible.
Other limitations of this study were the small sample size and short evaluation period.
A quality assurance/follow-up of patients who have been given OA for moderate and severe sleep apnea since 2013 is ongoing.
The results from this preliminary report suggest the use of OA, such as TAP ® , improved sleep-disordered breathing and symptoms and are valid therapeutic options for selected patients with OSAS provided that the patient tolerates OA wear on a regular basis. Regular controls of the treatment efficacy and patient tolerability are recommended. As long as the mandible is advanced continuously during sleep with an appliance and during the treatment period, appliance characteristics that enhance comfort during wear and the greater durability of its material should be prioritized.
Currently, many types of OA are commercially available for treating patients with OSAS. Therefore careful comparison of results from the current study with studies in which other types of oral appliances are used is important, as there can be differences in efficacy and patients' preferences.
In conclusion, future studies with larger sample sizes and longer evaluation periods will be necessary to further validate the use of the device for objective monitoring of OA.
